This paper investigates the cross market linkages of Indian commodity futures for nine commodities with futures markets outside India. These commodities range from highly tradable commodities to less tradable agricultural commodities. We analyze the cross market linkages in terms of return and volatility spillovers. The nine commodities consist of two agricultural commodities: Soybean, and Corn, three metals: Aluminum, Copper and Zinc, two precious metals: Gold and Silver, and two energy commodities: Crude oil and Natural gas. Return spillover is investigated through Johansen's cointegration test, error correction model, Granger causality test and variance decomposition techniques. We apply Bivariate GARCH model (BEKK) to investtigate volatility spillover between India and other World markets. We find that futures prices of agricultural commodities traded at National Commodity Derivatives Exchange, India (NCDEX) and Chicago Board of Trade (CBOT), prices of precious metals traded at Multi Commodity Exchange, India (MCX) and NYMEX, prices of industrial metals traded at MCX and the London Metal Exchange (LME) and prices of energy commodities traded at MCX and NYMEX are cointegrated. In case of commodities, it is found that world markets have bigger (unidirectional) impact on Indian markets. In bivariate model, we found bi-directional return spillover between MCX and LME markets. However, effect of LME on MCX is stronger than the effect of MCX on LME. Results of return and volatility spillovers indicate that the Indian commodity futures markets function as a satellite market and assimilate information from the world market.
Introduction
Risk management and price discovery are two of the most important functions of futures market [1] [2] . Futures markets perform risk allocation function whereby futures contracts can be used to lock-in prices instead of relying on uncertain spot price movements. Price discovery is the process by which information is assimilated in a market and price converges towards the efficient price of the underlying asset. In financial economic literature, the price discovery function of futures market has been studied in two broad contexts a) return and volatility spillover between spot and futures of an asset, and b) international link-ages or return and volatility spillover across different futures markets (across countries). This paper focuses on the latter, studying the return and volatility spillover between Indian and international commodity futures markets. Another interesting prospective on understanding market linkages has its origin in the efficient market hypothesis which says that all markets incorporate any new information simultaneously and there does not exist any lead-lag relationship across these markets. However, frictions in markets, in terms of transaction costs and information asymmetry, may lead to return and volatility spillovers between markets. Moreover, all the markets do not trade simultaneously for many assets and commodeties. Besides being of academic interest, understanding information flow across markets is also important for hedge funds, portfolio managers and hedgers for hedging and devising cross-market investment strategies.
Empirical literature on price discovery in futures markets mostly covers the relationship between futures and underlying spot prices. In equity markets, price discovery function of futures markets has been extensively studied [3] [4] [5] [6] [7] [8] [9] [10] [11] . In commodity futures market, price discovery function of futures markets has also been investigated [12] [13] [14] [15] [16] . However, these studies are mostly from developed markets like US and UK. Most of the studies in equity and commodity spot-futures markets linkages confirm the leading role of futures markets in information transmission and in fore-casting future spot prices. Surprisingly, very few studies have sought to investigate the information transmission through futures prices on the same underlying, traded across different markets. In emerging commodity futures market context, international linkages of commodity futures market with developed futures markets have been even less explored.
Since the inception of the organized commodity derivatives markets in India in 2003, Indian futures markets have grown rapidly. In 2003, three national level multi commodity exchanges, National Multi Commodity Exchange (NMCE), Multi Commodity Exchange (MCX) and National Commodities and Derivatives Exchange (NCDEX), were setup. At present, commodity futures are traded on three national exchanges, and 20 other regional exchanges, which have been in existence for longer time. Currently, the futures contracts of around 103 commodities are traded on three national exchanges. In terms of volume, Copper, Gold, Silver and Crude futures traded on Multi Commodity Exchange (MCX), India has been ranked within the top 10 most actively traded futures contracts 1 in the world. However, the commodity futures markets in India are subject to many regulations and many a times have been criticized for speculative trading activity as well as for causing an increase in spot price volatility [17] . Emerging commodity markets are generally criticized for speculative activity and destabilizing role of derivatives on spot market through increased price volatility [16, 18, 19] .
Most of the studies on Indian commodity futures markets are limited to policy related issues. Some of the major issues identified and investigated in Indian commodity futures are: the role of spot markets integration and friction (high transaction cost), proper contract design, identification of delivery location, importance of warehousing facilities and policy issues like restriction on cross-border movement of commodities, different kind of taxes etc [20] [21] [22] . The literature on price discovery on Indian com-modity futures markets is limited to regional exchanges, dated/small sample form the period prior to setting up of national exchanges, or to very fewer commodities traded on national exchanges [23] [24] [25] [26] . The Indian commodity futures markets have since then matured and have started playing a significant role in price discovery and risk management in the recent period, if increased volume of trading is any indicator. Trade and financial liberalization in the country and rest of the world may also have led to strong integration of Indian markets with their world counterparts. However, the relationship between the Indian and world commod-ity futures markets has not been explored adequately and hence there is a case for investigating the linkages of Indian commodity futures markets with the counterparts elsewhere in the world trading the futures contracts on the same underlying.
Literature Review
The research on international linkages across markets has been mainly on the financial asset markets [27] [28] [29] [30] [31] [32] [33] [34] . Eun and Shim [23] found the dominance of US equity market in information dissemination to rest of the world. They found that any innovations in the US equity futures market are rapidly transmitted to other markets, whereas no single foreign market can significantly explain US market movements. Koutmos and Booth [30] investigated the dynamic interaction across three major stock markets New York (S&P 500), London (FTSE 100) and Tokyo (Nikkie 225) and found significant price spillovers from New York to London and Tokyo and from Tokyo to London market. Susmel and Engle [29] investigated the return and volatility spillovers between US and UK equity markets but did not find strong evidence of return and volatility spillovers between these two while the studies cited above examined cross-market linkage where the underlying differed. Tse [23] investigated the Eurodollar futures markets in Chicago, Singapore, and London and found that all these markets are cointegrated by a common factor. Booth et al. [31] found that Nikkei 225 Index futures that are traded in Singapore, London and Chicago are cointegrated.
In commodity futures context, Booth and Ciner [35] investigated the return and volatility spillovers of corn futures between the CBOT and the Tokyo Grain Exchange (TGE). They found significant return and volatility spillovers between the two markets. Booth, Brockman, and Tse [33] studied the wheat futures traded on the Chicago Board of Trade (CBOT) of US and the Winnipeg Commodities Exchange (WCE) of Canada and found one way information spillover from CBOT to WCE. Low, Muthuswamy, and Webb [36] examined the futures prices for storable commodities, soybeans and sugar, which are traded on the TGE and the Manila International Futures Exchange (MIFE), and found no co-integration between these two markets. Lin and Tamvakis [37] examined the information transmission mechanism and price discovery process in crude oil and refined oil products traded on the New York Mercantile Exchange (NYMEX); and London's International Petroleum Exchange (IPE). They found substantial spillover effects between two markets where IPE morning prices seem to be considerably affected by the closing price of the previous day on NYMEX. Holder, Pace and Tomas III [38] investigated the market linkage between US and Japan for Corn and Soybean futures. They considered Corn and Soybean futures traded on the Chicago Board of Trade (CBOT) in US and the Tokyo Grain Exchange (TGE), and the Kanmon Commodity Exchange (KCE) in Japan. They found that trading at CBOT had very little effect on the Japanese contract volumes. Xu and Fung [39] investigated the crossmarket linkages between US and Japan for precious metals futures: Gold, platinum, and Silver. They applied bivariate asymmetric ARMA-GARCH model to estimate the return and volatility spillovers between these two markets and found that there was a strong linkage between these markets with US market playing a leading role in return spillover. They, however, found bidirec-tional volatility spillover between the two markets. Kao and Wan [40] studied the price discovery process in spot and futures markets for Natural gas in the US and UK using a quadvariate VAR model. They found that all spot prices and futures prices were driven by one common factor. They found that the US futures market dominated over UK futures market and acted as the center for price discovery. They also concluded that the spot markets in the US and UK were less efficient than their corresponding futures market.
In the emerging markets context, Fung, Leung and Xu [41] examined the information spillover between US futures markets and the emerging commodity futures market in China for three commodity futures: Copper, Soybean, and Wheat. They used VECM-GARCH model and found that for Copper and Soybean, US futures market played a dominant role in transmitting information to the Chinese market. However, in the case of Wheat, which is highly regulated and subsidized in China, both markets were highly segmented. Hua and Chen [42] investigated the international linkages of Chinese commodity futures markets. Commodities considered in the analysis were: Aluminium, Copper, Soybean and Wheat. Aluminum and Copper futures traded on LME and Soybean and Wheat futures traded on CBOT were analyzed. They applied Johansen's cointegration test, error correction model, and Granger causality test and impulse response analyses to understand the relationship. They found that Aluminum, Copper and Soybean futures prices are integrated with spot prices but did not find such cointegration for wheat spot and futures prices. They concluded that LME had a bigger impact on Shanghai Copper and Aluminium futures and CBOT had a bigger impact on Dalian Soybean futures. Ge, Wang and Ahn [43] investigated the linkages between Chinese and US cotton futures market. They considered the futures prices of contracts trading on New York Board of Trade (NYBOT) in US and the Zhengzhou Commodity Exchange (CZCE) in China. They found that these markets were cointegrated and that there was bidirectional causality in returns between these markets.
To summarize, most studies on international linkages across futures markets of the same underlying suggest that there are stronger international market linkages in highly traded commodities as compared to relatively less traded commodities. Moreover the developed markets (in terms of volume and number of derivatives products) play dominant role in price discovery process. Given limited research on international linkages of futures markets in emerging markets, which are characterized by low liquidity, and exhibit higher price variability and poor information processing [44, 45] , this paper is an attempt to investigate the cross-market link-ages of Indian commodity futures market with developed world futures markets for both high tradable (precious metals) and less tradable (agricultural) commodities.
In order to fill the research gap, this paper investigates the cross market linkages of Indian commodity futures market with their world counterparts. The commodities considered in our analysis range from agricultural commodities (Soybean and Corn), to industrial metals (Aluminium, Copper and Zinc), precious metals (Gold and Silver) and energy commodities (Brent Crude oil and Natural gas).We chose commodities which are highly traded (and have less tariff barriers/transportation costs) as well as more regulated and less traded agricultural commodities to understand and examine potential market linkage differences across commodities. We use Gold, Silver, Brent crude oil, and Natural gas futures contract traded on New York Mercantile Exchange (NYMEX), Aluminium Copper and Zinc futures contracts traded on the London Metals Exchange (LME), and Soybean and Corn futures contracts traded on the Chicago Board of Trade (CBOT). In agricultural commodities, India is the fifth largest producer of Soybean and Corn. In case of precious metals, industrial metals and energy commodeties, India is net importer. India's gold consumption is around 20% -25% of world's total gold production and it is also a dominant consumer of silver (10% -15%). India is a major consumer country of crude oil after US, China, Japan, Germany and Russia. India is among top 20 major producers as well as consumers of Aluminium, Copper and Zinc.
Given this background, firstly we test that whether Indian commodity futures market is cointegrated with rest of the world in the long run and if so for which commodities (tradable/less tradable)? We expect that because of the importance of Indian market in the world and also due to world trade liberalization, Indian markets should be cointegrated with rest of the world for industrial metals, precious metals and energy commodities. It may be possible that prices are cointegrated in the long run but deviate in the short run. Hence, we further investigate whether there is any lead-lag relationship between Indian market and their world counterpart in terms of return spillover. Further, we examine the direction and speed of information transmission between the markets through return spillover. We also investigate whether there are any differences across commodities as far as return spillover is concerned. The information spillover or the market linkages are also examined by examining the second moment or volatility spillover across markets with the objective of investigation being similar to return spillover.
Data and Time Series Characteristics of Returns
To examine the international linkages of Indian commodity futures markets, we use data set consisting of two agricultural commodities: Soybean, and Corn, three metals: Aluminum, Copper and Zinc, two precious metals:
Gold and Silver, and two energy commodities: Crude oil and Natural gas. For agricultural commodities daily prices of near month futures contracts from NCDEX and for non-agricultural commodities daily prices of near month futures contracts traded on MCX are used. The selection of a particular Indian exchange is based on trading volume of the commodity futures contract. We chose Gold, Silver, Brent crude oil, and Natural gas futures price traded on New York Mercantile Exchange (NYMEX), Aluminium, Copper and Zinc futures contracts traded on the London Metals Exchange (LME), Soybean and Corn futures contracts traded on the Chicago Board of Trade (CBOT) as the counterpart markets for Indian futures markets. These are the leading exchanges for the respective commodity futures contracts in terms of volume traded. Details of the data period and source of data are given in Table 1 .
We construct the continuous futures price series using daily closing futures prices of near month futures contracts for all commodities. For consistency, we converted all data into USD 2 /unit. The Gold price is converted into USD/10grams 3 , Silver, Aluminium, Copper and Zinc into USD/kg Soybean and Corn into USD/100kg, Crude into USD/Barrel and Natural gas into USD/mmBtu. The daily futures returns are constructed from the futures price data as log(P s,t /P s,t-1 ), where P s,t is the futures price at time t. Standard unit root test is performed on log prices and returns series. The augmented Dickey-Fuller (ADF) 4 indicates that the log prices for all commodities and in all markets have unit root and returns series are stationary. It indicates that the log prices follow an I(1) process, which is a prerequisite for the cointegration analysis. 
Johansen Cointegration Test
As a first step to understand relationship between Indian commodity futures markets with their world counterparts, we test co-integration between Indian commodity futures market and international futures market. Cointegration theory suggests that two non-stationary series having same stochastic trend, tend to move together over the long run [46] . However, deviation from long run equilibrium can occur in the short run. The Johansen full information multivariate cointegrating procedure [47, 48] is widely used to perform the cointegration analy-sis. It can only be performed between the series having same degree of integration. Johansen Cointegration test can be conducted through the k th order vector error correc-tion model (VECM) represented as
Where, Y t is (n × 1) vector to be examined for cointegration, ΔY t = Y t -Y t-1 , ν is the vector of deterministic term or trend (intercept, seasonal dummies or trend), П and Ѓ are coefficient matrix. The lag length k is selected on minimum value of an information criterion 5 . The existence of cointegration between endogenous variable is tested by examining the rank of coefficient matrix П. If the rank of the matrix П is zero, no cointegration exists between the variables. If П is the full rank (n variables) matrix then variables in vector Y t are stationary. If the rank lies between zero and p, cointegration exists between the variables under investigation. Two likelihood ratio tests are used to test the long run relationship [44] .
a) The null hypothesis of at most r cointegrating vectors against a general alternative hypothesis of more than r cointegrating vectors is tested by trace Statistics.
Trace statistics is given by
where T is the number of observations and λ is the eigenvalues.
b) The null hypothesis of r cointegrating vector against the alternative of r + 1 is tested by Maximum Eigen value statistic Maximum Eigen Value is given by
In our test for the cointegration between Indian commodity futures market and their world counterpart, n = 2 and null hypothesis would be rank = 0 and rank = 1. If rank = 0 is rejected and r = 1 is not rejected, we conclude that the two series are cointegrated. However, if rank = 0 is not rejected, we conclude that the two series are not cointegrated.
Since all the time series of logged futures prices are I(1) series, we test the cointegration between futures prices of contracts traded in Indian commodity market and their counterpart futures exchanges elsewhere in the world. Both λ trace and λ max statistic are used to test the cointegration. The results of the cointegration test are presented in Table 2 . It is found that all commodities traded on Indian commodity futures market are cointegrated with their world counterparts. We reject the null hypothesis of rank = 0 and can not reject the null hypothesis of rank = 1 for all commodities under investigation at 5% significance level. It is interesting to note that futures prices of agricultural commodities (Soybean and Corn) traded on India commodity futures exchanges are cointegarted with CBOT futures prices. Hua and Chen [38] investigated the similar relationship for Chinese commodity futures market and found the long run cointegration with world futures market for Aluminium, Copper and Soybean but did not find cointegration for Wheat futures traded on CBOT and the Chinese com-modity futures exchange.
Weak Exogeneity Test
The weak exogeneity test measures the speed of adjustment of prices towards the long run equilibrium relationship. If the two price series are cointegrated in longrun, then the coefficient matrix П (explained in Equation 1) can be decomposed as П = αβ′, where β contains cointegrating vectors and α measures the average speed of adjustment towards the long-run equilibrium. The larger the value of α, the faster is the response of prices towards the long-run equilibrium. If prices do not react to a shock or value of α is zero for that series, it is said to be weakly exogenous. We test the weak exogeneity of Indian commodity futures prices and world futures prices for each commodity. It is tested through likelihood-ratio test statistics with null hypothesis as α i = 0. The results of this test are presented in Table 3 .
The results of weak exogeneity test of Indian and the world commodity futures prices indicate that in most of the commodities, except Copper, Zinc and Natural gas, Indian commodity futures prices respond to any price discrepancies from long run equilibrium whereas the world futures prices are exogenous to the system. In case of Copper, both LME and Indian futures prices are ex-
ogenous to the system. In case of Zinc and Natural gas, LME and NYMEX market respond to the error correcting terms to restore long run equilibrium whereas the Indian market is exogenous. Our results that the response of Indian commodity futures markets not to deviate too far from the long-run equilibrium relationship and the weak exogeneity of world prices for most of the commodities, indicate the leading role of world market in price discovery and satellite nature of Indian commodity futures markets.
Short Run Cointegration
After examining the long run integration between Indian and world markets, we also analyze the short-run integration or return spillover between these markets. The short run integration between Indian futures prices and their world counterparts is investigated through VECM model as these prices are cointegrated in the long run. The Granger causality test is also applied to examine the lead-lag relationship between Indian and the World counterpart. We apply forecast error variance decomposition for each returns series to understand the economic importance of one market on the other.
Vector Error Correction Model (VECM)
Since futures prices traded in Indian market and their world counterparts are cointegrated, short run relationship (return spillover) can be examined through error correction model. Vector error correction model specifications allow a long-run equilibrium error correction in prices in the conditional mean equations [46] . Similar approach has been used to model short run relationship of cointegrated variables [44] [45] [46] [47] [48] [49] [50] [51] . The VECM specification for Indian futures prices and the world futures prices can be represented by , , , 
Where, P IN,t is the log price in the Indian commodity futures market and P WF,t is the log futures prices in the World market. The error correction term in the equation of Indian futures prices are significant at 5% level for all commodities except Copper, Zinc and Natural gas. In case of Copper, error correcting term in the equation of the world futures returns are not significant. These terms are however significant only for Zinc and Natural gas. These findings are consistent with the results of weak exogeneity tests. It can be concluded that even though Indian futures market are cointegrated with the world futures prices for Copper, Zinc and Natural gas, in the short run Indian futures markets do not respond to the error correcting term. However, world prices (LME and NYMEX) returns respond to the error correcting term.
These results may be biased because of small sample size for Zinc and Natural gas contracts, as these have been traded only since August 2006 in Indian market. Further, it is not clear that whether results are due to frictions in the Indian commodity futures markets for these commodities, or dues to high transaction cost or the leading role of Indian markets in price discovery. This is beyond the scope of the paper and further research is required to address this issue. The short run coefficients γ WF (i), which measure the return spillover from world market to Indian futures market are also significant for Gold, Silver, crude, and Zinc. However, short run coefficients γ IN (i), which measures the return spillover from Indian market to the World markets, are significant only for metals. The results of the VECM indicate bi-directional causality between Indian market and their world counterparts for industrial metals. We estimated the Chi square statistics for Granger causality test to understand the lead-lag relationship between Indian commodity futures returns and their world counterpart. Results of the Granger causality test are reported in the Table 5 .
The results of Granger causality test indicate that for Soybean, Corn, Gold, and Silver, world futures prices lead the Indian market and affect the Indian futures returns. The weak exogeneity test and results of error correction model also indicate the same for these commodeties. World futures price lead Indian markets in price discovery process and Indian market respond to long run as well as short run deviations in the prices. After combining the results of cointegration test and VECM model, it can be concluded that for Soybean, Corn, Gold, and Silver, the world markets affect Indian futures prices both in the long and short run.
In case of metals, we find bidirectional causality between MCX, India and LME, London for Aluminium futures prices. It is very surprising to note that in case of Copper and Zinc, Indian futures returns Granger cause (lead) the LME returns. These results could be due to the difference in the timing of closing hours and the effect of other important markets in the price discovery process. It is possible that a market, which closes after another market in the same underlying, is likely to impound more information from others markets, which are open at that time and the lead-lag relation, therefore, would be biased towards the market which closes later. In case of metals, Indian futures markets close after the LME and hence Sims [52, 53] and Abdullah and Rangazas [54] suggested that the variance decomposition of the forecast error is advisable while analyzing the dynamic relationship between variables because it may be misleading to rely solely on the statistical significance of economic variables as determined by VAR model or Granger causality test. Therefore, we also estimate the variance decomposition of the forecast error of each endogenous variable in order to further investigate the relationship between Indian and the world commodity futures markets.
Variance Decomposition
The variance decomposition of the forecast error gives the percentage of variation in each variable (e.g. Indian commodity futures returns) that is explained by the other variables (futures returns of markets elsewhere on the same underlying). We estimated the orthogonal variance decomposition of forecast error up to 20 lags from the VECM (Equation 4). Results of the variance decomposition for Indian commodity futures returns and their world counterparts are shown in Table 6 . Panel-A of Table 6 explains the percentage of variation in futures price traded on world market explained by its own lagged returns and futures returns traded on Indian market whereas Panel-B of Table 6 represents the percentage of variation in Indian commodity futures returns explained by its own lagged returns and their world counterparts. As shown in Table 6 , it is found that in the case of Soybean, Corn, Gold and Silver, variation in world futures returns are explained by their own lagged returns, whereas Indian futures returns explain 0% -1% variation in the futures returns of the market elsewhere.
On the other hand, in case of precious metals (Gold and Silver), variation in Indian futures returns are mostly explained by NYMEX returns (more than 90%) and its own lagged returns explain only 10% variation. In case of agricultural commodities (Soybean and Corn), CBOT returns are able to explain more than 20% [Soybean more than 20% and Corn more than 50%] of variation in Indian futures returns. Results of agricultural commodeties and precious metals are consistent with the results of error correction model results and Granger causality test. In case of industrial metals, it is found that LME returns are able to explain more than 70% variation in Indian metals futures [Aluminium, Copper and Zinc > 70%] whereas Indian returns are able to explain more than 5% (Aluminium 5% and Copper and Zinc 20%) in LME metals futures returns. This result is not consistent with the results of Granger causality test especially results of Copper and Zinc where we find that Indian returns Granger cause LME returns. Thus, combining the evidence from both tests, it can be concluded that there may be bidirectional causality between Indian and LME return for metals but the effect of LME on the Indian prices is stronger than the effect of Indian prices on LME prices. In case of crude, NYMEX returns are mostly explained by their own lagged returns, however Indian futures re- 1  5  10  15  20  1  5  10  15  20  1  5  10  15  20  1  5  10  15  20 Soy Bean 100% 100% 100% 100% 100% 0% 0% 0% 1% 1% 1% 4% 11% 19% 28% 99% 96% 89% 81% 72% Maize 100% 100% 100% 100% 100% 0% 0% 1% 2% 2% 11% 24% 35% 45% 54% 89% 76% 65% 55% 46% Gold 100% 100% 100% 99% 99% 0% 0% 0% 0% 0% 92% 98% 99% 99% 99% 8% 2% 1% 1% 1% Silver 100% 100% 99% 98% 98% 0% 0% 0% 0% 0% 89% 96% 98% 99% 99% 11% 4% 2% 1% 1% Aluminium 100% 93% 96% 97% 97% 0% 7% 4% 3% 3% 23% 47% 63% 71% 76% 77% 53% 37% 29% 24%
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Natural Gas 100% 90% 78% 69% 60% 0% 10% 22% 31% 40% 45% 49% 55% 60% 64% 55% 51% 45% 40% 36%  turns are able to explain only 8% -10% variation in NY-MEX returns. Further, NYMEX crude returns are able to explain only 4% -6% variation in Indian returns. In case of Natural gas, Indian returns are able to explain 30% -40% variation in NYMEX returns and NYMEX returns explains 50% -60% variation in Indian returns. We may conclude that in case of energy commodities bidirectional causality exist between MCX, India and NYMEX, US. However, effect of NYMEX market on Indian market is stronger than the effect of Indian market on NY-MEX.
In order to shed more light into bidirectional causality between LME and MCX for industrial metals, we introduce a variable, COMEX, US, prices (Copper) 7 , in VECM model as another endogenous variable. As explained earlier, results of bivariate models with LME and MCX prices may be misleading because of extended trading period in Indian market and closing timing difference between LME and Indian market. The Indian market closes around two hours after the LME market and at that time COMEX market is trading. It is likely that the information is coming from COMEX market and is affecting LME market through MCX. Trading timings of LME, India and COMEX market are given in Table 7 .
First, we test the cointegration 8 between LME, MCX and COMEX Copper prices and it is found that these prices are cointegrated with single stochastic term, which indicates that the Copper prices are driven by a common factor. Results of Granger Causality test indicate that, LME prices are affected by both MCX and COMEX prices. We do not find any Granger causality between COMEX and MCX Copper futures prices. Results of Granger causality test of Copper is reported in Table 8 .
We also estimate the variance decomposition from VECM (3), which explains the percentage of variation in each variable (e.g. LME copper futures returns) that is explained by other variables (COMEX copper futures returns and MCX copper futures returns) in the system. The results are shown in Table 9 .
It is clear from the variance decomposition results that the LME returns' variance is mostly explained by its own lags (65%) and COMEX returns (35%). Indian market is not able to explain any variation in the LME returns or COMEX returns. It is also interesting to see that MCX Copper return variance is mostly explained by LME (55%) return variance and COMEX return variance (38%). It indicates that even in case of metals, Indian market gets information from world markets; LME and COMEX, and Indian market does not affect LME market. This negates the results of bivariate case wherein bidirectional causality between LME and Indian futures prices is found. To sum up, it can be concluded that for all commodities, price discovery takes place in the world market and Indian futures market assimilate information through return spillover.
The VECM, Granger Causality test and variance decomposition examine the information transmission between markets by investigating first moment (mean return). However, the information transmission is better tested by examining the second moment or volatility spillover across markets. Ross [55] demonstrated that the rate of information transmission is critically linked to volatility.
Volatility Spillover: A BEKK Model Approach
After the seminal work of Engle, Ito and Lin [56] , who applied multivariate GARCH model in estimating volatility spillover between US and Japanese foreign exchange markets, multivariate GARCH model has been widely applied to equity, exchange, bond and commodity markets etc. 
Or simply, 
In the BEKK representation of volatility, the parameter, 21 is the volatility spillover from market 2 to market 1, and 12 indicates the spillover from market 1 to market 2. Hence, the statistical significance of these parameters tells about the volatility spillover between markets. In the BEKK representation, we assume a conditional time invariant covariance, namely constant conditional correlation (CCC) assumption between futures returns traded in Indian market and futures prices traded outside India.
a a
Tse [57] explained that the two-step approach of first estimating the residuals from VECM (Equation 4) and then estimating bivatiate BEKK models (Equation 7), is efficient and equivalent to joint estimation of the two steps. The two step estimation method also reduces the problem of estimating large number of parameters involved in the process. Following Engel and Ng [58] , Kroner and Ng [59] , Tse [57] , so Tse [60] and Kao and Wang [40] , we perform the two step estimation process to investigate the volatility spillover between Indian and their world counterparts for each of the nine commodities.
We estimated the parameters of BEKK (1,1) for each commodity separately. Parameters estimate are presented in Table 10 . As explained in Equation 7 , h 11 estimates the conditional volatility of world futures and the parameter 21 is the volatility spillover from India to the world futures market. Similarly h 22 estimates the conditional volatility of Indian commodity futures and the parameter 12 measures the volatility spillover from the world market to India. These two parameters measure the volatility spillover between Indian futures market and markets abroad.
In case of agricultural commodities, it is found that the volatility of futures returns traded in India and CBOT is highly autoregressive. It is interesting to note that for Soybean, volatility spills over from Indian market to CBOT. The parameter is significant at 5% level. Also, for Corn, bidirectional volatility spillover is found. The parameters 21 and 12 are significant at 1% signifycant level. As explained earlier, the results of VECM model indicate that CBOT market play a leading role in price discovery for Soybean and Corn. However, results of volatility spillover indicate that Indian futures market also affect the CBOT futures market.
In case of precious metals, we find bidirectional volatility spillover between Indian market and NYMEX for Gold only. In Silver market, there is no significant volatileity spillover between the markets. The volatility spillover between Indian futures market and LME is investigated for Aluminium, Copper and Zinc. In case of Aluminium, both parameters 21 and 12 are insignificant, for Copper both parameters 21 and 12 are significant at 5% significant level and for Zinc only 12 is significant at 1% significant level. These results indicate that there is significant information spillover from LME market to India through volatility for Copper and Zinc. Indian market affects LME volatility for Copper only. The BEKK results of energy commodities indicate that volatility spillover is mainly taking place from NYMEX a a a a a futures market to Indian market; 12 parameter is significant at 10% and 1% significance level for crude and Natural gas respectively. a
Conclusions
Since the inception of modern electronic trading platform, combined with establishment of three national commodity exchanges, India has become one of the fastest growing commodity futures markets in the world. Like other emerging markets, Indian commodity futures are of recent origin, suggesting that Indian markets may respond to global markets. On the contrary, it can be argued that, given the size of the economy, Indian market may also influence global markets. This issue has interesting implications to gain insight on the directionality of information generation and assimilation in the commodities markets. The purpose of the study reported in this paper is to investigate the relationship between Indian commodity futures with their world counterparts.
The results of long run relationship between Indian futures prices and their world counterparts indicate that for all the nine commodities studied, the Indian markets are cointegrated with the world markets. The weak exo-geneity test indicates that for most of the commodities Indian futures prices adjust to any discrepancy from long run equilibrium whereas the world prices are exogenous to the system. The Granger Causality test results and variance decomposition of forecast error of VECM model indicate that there exists one-way causality from world markets to Indian market in most of the commodities. The impact of CBOT on Indian agricultural futures market is unidirectional and approximately 30% -40% variations in returns of Indian commodity futures are explained by CBOT futures prices. In case of precious metals, NYMEX market unidirectionally affects Indian futures prices and it explains around 98 -99% variation in Indian futures returns. In case of industrial metals also, we find unidirectional information spillover through returns. For industrial metals, Indian market is extensively influenced by LME and other developed markets with LME having stronger impact on Indian prices while Indian market having no impact on LME or other futures markets. For energy commodities, Brent crude oil and Natural gas, both Indian and NYMEX market influence each other but, NYMEX has stronger impact on Indian prices. However, in case of energy commodities, the effect of world prices is not as strong as in case of precious metals and industrial metals. This may be because of higher governmental control (tariff barriers/subsidy) in crude oil and natural gas or because of difference in inventory and transportation costs.
Volatility spillover analysis indicates similar results, but it is interesting to note that for agricultural commodities, volatility spillover also takes place from Indian futures to CBOT futures. Bidirectional volatility spillover between Indian and NYMEX is also observed for Gold futures. In case of industrial metal futures, volatility spills from LME to Indian market except for Copper futures whereas Indian market also affects LME futures. In case of Crude oil and Natural gas, unidirectional volatility spillover from NYMEX futures to Indian futures is found. To sum up, we find the US market plays an important leading role in information transmission to the Indian market for Soybean, Corn, Gold, Silver, Crude and Natural gas and LME leads the indian markets for industrial metals. Overall, we also find that the Indian futures markets are cointegrated with the world markets and are working as a satellite market. They are able to assimilate information through return and volatility spillovers from world markets.
